Background: A prospective randomized trial was conducted to compare the impact of systemic chemotherapy versus multi-modality therapy (complete cytoreductive surgery (CRS), hyperthermic intraperitoneal chemotherapy (HIPEC), and systemic chemotherapy) on overall survival (OS) in patients with gastric carcinomatosis. Methods: Patients with measurable metastatic gastric adenocarcinoma involving the peritoneum, and resectable to "no evidence of disease" were randomized to gastrectomy, metastasectomy, HIPEC, and systemic FOLFOXIRI (GYMS arm) or FOLFOXIRI alone (SA arm). Results: Seventeen patients were enrolled (16 evaluable); 7 of 9 patients in the multi-modality GYMS arm achieved complete cytoreduction (CCR0). Median OS was 11.3 months in the GYMS arm and 4.3 months in the SA arm. Four patients in the GYMS arm survived >12 months, 2 patients close to 2 years at last follow-up, and 1 patient more than 4 years, with 2 of these patients still alive. No patient in the SA arm lived beyond 11 months. All patients surviving beyond 12 months in the surgery arm achieved complete cytoreduction and had an initial Peritoneal Cancer Index (PCI) of 15. Conclusion: Maximal cytoreductive surgery combined with regional (HIPEC) and systemic chemotherapy in selected patients with gastric carcinomatosis and limited disease burden can achieve prolonged survival.
INTRODUCTION
Despite a plethora of clinical and pre-clinical evidence, the adoption of maximal cytoreductive surgery (CRS) plus intraperitoneal chemotherapy into the management of peritoneal carcinomatosis of gastric origin has been met with considerable skepticism and resistance [1, 2] . Clinical data supporting a strategy of complete cytoreduction and heated intraperitoneal chemotherapy (HIPEC) include 5-year survival rates of 13-27% observed in selected patients with peritoneal carcinomatosis of gastric origin treated with CRS and HIPEC in several well-conducted retrospective series. This includes: (i) a recent French multi-institutional series of 159 patients, which reported 1-, 2-, and 5-year survival rates of 43%, 18%, and 13%, respectively; (ii) a large single-institution matched cohort study, which reported 1-and 2-year survival rates of 45% in patients where an CCR0 or CCR1 resection could be achieved; (iii) a comparison of outcome of patients where complete cytoreduction was possible versus patients who were left with residual peritoneal surface disease; (iv) or a recent randomized study, which showed a small benefit of the adjunct of HIPEC following CRS in patients with advanced gastric cancer with synchronous presentation compared to cytoreduction alone [3] [4] [5] [6] [7] [8] . These results are in stark contrast to outcomes reported in gastric cancer patients with spread to the peritoneum treated with chemotherapy only, which report a Grant sponsor: NIH.
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A possible role of cytoreduction and regional chemotherapy in gastric cancer with peritoneal involvement is also supported by recent findings in other gastrointestinal cancers such as colorectal cancer with metastasis to the peritoneal surface. A large phase III clinical trial of patients with peritoneal carcinomatosis of colon and rectal origin showed a 9.7 months improvement in median overall survival in the CRS plus HIPEC group compared to the systemic chemotherapy alone control arm [13] . The authors have recently published an 8-year follow-up that confirmed superior outcomes in patients who underwent cytoreductive surgery plus HIPEC versus systemic chemotherapy (median disease-specific survival of 22.2 vs. 12.6 months, respectively) with 5-year survival rates of 45% for those patients in whom a CCR0/1 resection could be achieved [14] .
On the other hand, critiques of such an approach cite a (i) lingering concern for inherent selection bias for patients with a more favorable presentation and biology in retrospective series [1, 2] ; (ii) the lack of a convincing difference in patients with a high peritoneal surface disease burden, or in patients where no macroscopic cytoreduction (CCR2) could be achieved where outcomes were less favorable, and where any advantage attributable to CRS and HIPEC compared to matched historical controls appeared to fade [3, 4, 7, 8, 14] ; (iii) the welldocumented learning curve for safe and effective CRS and HIPEC, which carries-despite improved patient selection-an inherent treatment-related mortality of 5-10% [6, 15, 16] ; or (iv) a possible equivalent efficacy of modern chemotherapy and molecular therapy compared to morbid CRS plus HIPEC in patients with peritoneal carcinomatosis with low-volume disease [11] .
Within this peritoneal disease landscape, the GYMSSA trial was undertaken to address whether the addition of CRS plus HIPEC to a modified systemic FOLFOXIRI regimen (5-FU, leucovorin, oxaliplatin, and irinotecan) can improve overall survival in patients with metastatic gastric cancer. This study has also been designed to answer the question: what are the characteristics of patients who might benefit from the GYMS approach for metastatic gastric cancer, when metastases to the liver and lung are included.
PATIENTS AND METHODS

Study Design-Patient Randomization
The GYMSSA trial was approved by the Institutional Review Board and conducted under the protocol number 09-C-0189. The experimental design has been previously described [11] . Patients with a diagnosis of metastatic adenocarcinoma of the stomach either to the liver, the peritoneum, the lung or combinations thereof were eligible. Both, patients with synchronous or metachronous metastatic disease were eligible. Inclusion criteria were: (i) a diagnosis of histologically or cytologically confirmed gastric adenocarcinoma with metastatic disease measurable by computed tomography (CT), and/or magnetic resonance imaging (MRI); (ii) that could be, in the opinion of the Principal Investigator, resected to "no evidence of disease" based on imaging studies or staging laparoscopy on cross-sectional imaging. Exclusion criteria were: (i) disease sites other than either peritoneum, lung or liver; (ii) brain metastases, evidence of extensive para-aortic/retro-pancreatic lymph node metastases, and/or significant ascites; (iii) ECOG status of >2; (iv) inability to tolerate any of the chemotherapeutic agents; (v) bone marrow suppression; (vi) active systemic infections; or, (vii) any concomitant medical problems that would place the patient at an unacceptable risk for a major surgical procedure or for administration of FOLFOXIRI.
Eligible patients underwent pathological re-review of their outside pathology and diagnostic laparoscopy with peritoneal washings for cytology. After laparoscopy confirmed metastatic disease, patients were randomized to systemic chemotherapy (SA arm) versus gastrectomy, metastasectomy, systemic chemotherapy (GYMS arm) using a computerized randomization algorithm.
SA Arm-Systemic Chemotherapy
As patients with advanced gastric adenocarcinoma were likely to receive at least one chemotherapy regime either preoperatively or in the immediate adjuvant setting, a search was conducted for an effective chemotherapy regimen to serve as "standard therapy" in the SA arm that would be different from the commonly used standard ECF (epirubicin, cisplatin, 5-FU) or taxane/cisplatin doublet regimens [9, [17] [18] [19] . The FOLFOXIRI regimen (oxaliplatin, irinotecan, 5-FU) was chosen based on these criteria and because of promising survival results in early clinical trials in gastric adenocarcinoma and acceptable toxicity [20] [21] [22] . Moreso, phase III clinical trials have shown that irinotecan can yield similar survival results in metastatic gastric cancer much like a platinumbased agent, and the recent success of FOLFIRINOX in pancreatic cancer, a triplet regimen equally consisting of 5-FU, oxaliplatin, and irinotecan, further supported its use in this disease [23, 24] .
Within 14 days of study randomization patients began FOLFIXIRI treatment. Systemic chemotherapy was administered once every 14 days, and repeated for 12 cycles (approximately 6 months). On treatment Day #1 irinotecan was administered IV over 90 min followed by leucovorin and oxaliplatin, given concomitantly over 2 hr, followed by 5-FU given via continuous infusion (CIV) over 48 hr. Dosing schedule of the various agents is depicted in Figure 1 .
GYMS Arm-Gastrectomy, Metastasectomy (CRS and HIPEC), Systemic Chemotherapy Within 14 days of randomization patients randomized to GYMS arm underwent gastrectomy and/or metastasectomy with the intention to render the patient free of all gross disease. Patients with proximal lesions underwent total gastrectomy with a 2-4 cm esophageal margin, those Fig. 1 . Dosing schedule of the FOLFOXIRI regimen used in the GYMSSA study. One cycle is shown which is repeated every 2 weeks for a total of 12 cycles.
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with distal lesions subtotal gastrectomy with !5 cm proximal margins. Every gastrectomy included a total omentectomy as well as modified D2 lymphadenectomy (clearance of lymph nodes in porta hepatis, common hepatic, retro-pancreatic and supra-pancreatic, celiac axis, and splenic hilum locations without organ resections), and roux-en-Y gastro-or esophagojejunostomy. Completion of roux-en-Y reconstruction was delayed until after peritoneal perfusion (HIPEC). Prior to creation of intestinal anastomosis, an additional 1 cm from the transected end was resected in order to yield fresh intestinal ends for anastomosis unaffected by heated regional chemotherapy. To accurately capture the extent of the peritoneal disease burden, both the Peritoneal Cancer Index (PCI), originally described by Sugarbaker [25] , and the Gilly classification were recorded immediately upon opening the abdomen [26] . Any visible peritoneal disease was removed by a complete stripping of the peritoneum of the entire involved quadrant. An example of a complete radical peritonectomy of the left upper quadrant is shown in Figure 2 . In half of cases a total abdominal peritonectomy was performed, which included stripping of the parietal peritoneum of the abdominal walls, paracolic gutters, the diaphragm, the pelvis including upper rectum, and resections of affected small or large bowel mesentery including necessary visceral resection.
Prior to the perfusion (HIPEC), a Completeness of Cytoreduction score (CCR) according to Sugarbaker's criteria was recorded [25] : CCR-0 (no residual tumor), CCR-1 (no residual nodules greater than 2.5 mm in diameter), CCR-2 (no residual nodules greater than 25 mm), and CCR-3 (residual nodules greater than 25 mm). Hyperthermic intraperitoneal chemotherapy (HIPEC) was administered using a closed circuit of oxaliplatin solution at 460 mg/m 2 in 5% dextrose in water (D5W) at 41°C for 30 min. Prior to perfusion a single dose each of fluorouracil (5-FU) 400 mg/m 2 IV in 50 ml D5W and leucovorin 20 mg/m 2 IV in 50 ml D5W were administered over 5 min to enhance the effect of regional oxaliplatin delivered IP. The perfusion flow rate was then maintained at $2.0 L/min and a perfusate volume, which moderately distends the abdominal cavity, correlating with intra-abdominal pressures of 5-15 mm Hg (2.0 L/m 2 ). During the peritoneal perfusion, constant physical manipulation of the abdomen (shaking) was maintained for the entire 30 min perfusion period to assure even distribution of the perfusate. At completion of the perfusion, the abdomen was opened and copiously irrigated. Patients with hepatic metastases ( 5 lesions allowed) underwent liver resection AE radiofrequency ablation. All patients were scheduled to start FOLFOXIRI chemotherapy no later than 8 weeks after surgical resection.
Follow-up-Data Collection
Clinical follow-up was every 2 months during chemotherapy, then every 3 months for the first 2 years, and every 6 months for 3 years. Follow-up examinations included cross-sectional imaging, physical examination, and laboratory studies. Because of the nature of peritoneal imaging and because cytoreductive surgery would likely eliminate all disease detectable by cross-sectional imaging, treatment response was measured in terms of radiographic or symptomatic disease-free survival and overall survival. In the SA arm, patients were followed with CT scans, and response was evaluated by radiological (RESIST) criteria.
The trial was monitored annually by the NCI Data and Safety Monitoring Board (DMSB) for toxicity and adverse events. After the first phase of accrual an assessment for futility was performed by the DMSB, was closed due to slow accrual.
Statistical Analysis
Overall survival was measured from time of randomization to death from any cause, and patients alive at the time of last analysis were censored. The GYMSSA trial's intent-to-treat analysis has been described in detail previously [11] . In brief, the goal of this study was to determine if the use of gastrectomy, metastasectomy, HIPEC and systemic therapy would result in an 8-month increase in overall survival, from a median of 12-20 months when compared to systemic chemotherapy alone. Kaplan-Meier curves and a two-tailed log-rank test were the primary analysis methods. Assuming exponential overall survival curves, the hazard rate for the systemic therapy is 0.0578, or approximately a 5.8% probability of death each month when the median survival is 12 months. For the median overall survival of 20 months assumed in the GYMS arm, this corresponds to a hazard rate of 0.0347, and the resulting hazard ratio for the comparison of the two overall survival curves would be 1.67. To compare these overall survival curves and detect a difference with a 0.05 two-tailed log-rank test, a total of 68 evaluable subjects per arm (136 total) were needed to be enrolled over a 6-year period and followed for an additional 2 years from the date of entry of the last patient, with 121 total deaths, in order to have 80% power to compare the overall survival curves. Additionally, patients were stratified for site of metastases (liver, peritoneum, or lung), time to development of first metastasis following initial diagnosis (<1 year vs. !1 year), and history of previous systemic therapy for gastric metastases.
RESULTS
Between June 2009 and April 2012, 34 patients with a diagnosis of metastatic gastric cancer were screened at NCI Surgery Branch for the entry into the GYMSSA trial. Seventeen patients met eligibility criteria and were randomized to either the surgery and systemic chemotherapy (GYMS) or the systemic chemotherapy (SA) alone arm. One patient in the SA arm was found following enrollment to have a diagnosis other than metastatic adenocarcinoma of the stomach on re-evaluation of his pathology. This report describes the outcome of the 17 patients enrolled to date. Patients' baseline characteristics were similar in both groups (Table I) . Patients in both the systemic chemotherapy plus surgery arm (GYMS) and the systemic chemotherapy alone arm (SA) had predominately poorly differentiated gastric adenocarcinoma with signet ring cell features. Patients in both groups were equally pretreated with several cycles of systemic chemotherapy. The majority (n ¼ 14) of patients presented with synchronous metastatic disease, and had not undergone prior gastrectomy. Patients in the GYMS arm had predominantly distal cancers whereas GE junction/cardia locations were more common in the SA arm. Peritoneal cytology was equally frequently positive in both groups.
Gastrectomy, Cytoreductive Surgery Plus HIPEC and Systemic Chemotherapy-GYMS Arm
Median overall survival in the GYMS arm was 11.3 months. All patients randomized to the GYMS arm underwent gastrectomy except one subject who had subtotal gastrectomy 2 years before study entry, and who underwent liver resection only following randomization (Table II) . The median time between randomization and surgery was 7 days (range: 3-20 days). Median duration of cytoreduction surgery and HIPEC was 10.1 hr (range: 5-12 hr). Median hospital stay after initial surgery was 17 days (range: 7-42 days), including on average 5 AE 2 days in the intensive care unit. Median blood loss during the surgery was 650 ml (range: 400-2,800 ml).
Most patients had total gastrectomy either due to location or extent of the primary tumor. Patients underwent a median of 2 (range: 1-5) concomitant organ resections, the most common, large and small bowel resections (Table II) . Most patients had a pre-surgery PCI of 20 (89%, n ¼ 8/9), 3 of which were 0 (33%, n ¼ 3/9) and 2 of which were less than 5 (22%, n ¼ 2/9), and only 1 patient had a PCI of 21 (11%, n ¼ 1/9). Complete cytoreduction to microscopic level (CCR0) could be achieved in the majority of patients (Table II) , and all patients received the intended HIPEC following cytoreduction and peritonectomy.
Most patients had a pre-surgery PCI of 20 (89%, n ¼ 8/9), three of which were zero (33%, n ¼ 3/9). Patient #1 was operated on for liver metastases, had no carcinomatosis, and thus a PCI of 0. Two patients had a PCI of less than five (22%, n ¼ 2/9), and 1 patient had a PCI of 21 (11%, n ¼ 1/9). Patient #2 had a preoperative PCI of 2 and suffered a very early and rapid progression following multi-modality treatment and died due to a complications related to progression of disease. With regards to the PCI of patients in the systemic therapy arm, an estimate of the peritoneal disease burden was captured from exploratory laparoscopy. Laparoscopic assessment was performed in all patients that included evaluation of all four quadrants. There was only one patient (12.5%, n ¼ 1/8) who had peritoneal tumor nodules >2.5 cm found on exploratory laparoscopy. Thus, the extent of peritoneal burden in the chemotherapy only arm appeared to be similar, and perhaps less, than that of multi-modality cohort.
There were no intra-operative mortalities in the GYMS arm. Overall 90-day mortality in the surgical arm was 11% (n ¼ 1). Patient #8 died of infectious complications and septic shock 49 days after surgery. Major surgical complications and early postoperative morbidity included anastomotic leak in 2 patients, endoscopic esophageal perforation in 1, pleural effusion in 3 patients, and wound infection in 2 patients. In total, four patients (44%) in the GYMS arm required reoperation. Only three 
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patients required reoperation within 30-days of the initial surgery and were related to perioperative complications. One patient suffered intraperitoneal hemorrhage on postoperative day 2 requiring surgical repair and multiple blood transfusions, however, never recovered and died 2 months later because of development of coagulopathy and septic complications. Both patients, with esophago-jejunal leaks required a second operation (Table III) . The remaining patient underwent went reoperation 11 months after the initial surgery due to hemoperitoneum and upon emergent re-exploration was found to have disease progression. Median number of hospital re-admissions in the surgery arm was three (range: 2-6) and the median number of in-hospital days counting all admissions was 38 days (range: 9-110 days). Four patients were unable to start systemic chemotherapy (44%, n ¼ 4/9), three of them due to failure to thrive. Five patients went on to receive systemic therapy (56%, n ¼ 5/9). Three patients (33%, n ¼ 3/9) completed 12 cycles of FOLFOXIRI, 1 patient started 10 weeks later and only completed 5 cycles.
Systemic Chemotherapy Alone-SA Arm
Median OS in the SA arm of seven patients was 4.3 months. One of the initial eight patients was removed from the analysis after re-review of his pathology did not confirm a diagnosis of metastatic gastric adenocarcinoma. The median time between randomization and start of chemotherapy was 19 days (range: 8-25 days). Two patients declined to participate after being randomized to the "systemic chemotherapy only" arm. One of the patients underwent gastrectomy with cytoreduction at an outside institution after completing 5 cycles of FOLFOXIRI; one patient withdrew consent after completing 2 cycles and was pursuing gastrectomy outside the NIH. No objective radiological responses were observed in SA arm. The best response to FOLFOXIRI chemotherapy was stabilization of disease for 4 months in the only patient who completed 12 cycles of systemic chemotherapy. One patient progressed after 5 cycles of therapy, and one after only 1 cycle of chemotherapy; both required hospital admission due to progressive disease.
Survival
Median survival in the GYMS arm was 11.3 months and in the SA arm 4.3 months, respectively. No patient in the SA arm lived beyond 12 months. Four patients in the surgery arm lived beyond 12 months, three close or longer than 2 years, and one beyond 4 years. Two patients are still alive in the GYMS arm. All patients in the systemic chemotherapy arm had succumbed to their disease within 12 months (Fig. 3) . All patients surviving beyond 12 months in the surgery arm (GYMS) achieved a CCR score of 0 and had an initial PCI of 15.
DISCUSSION
The acceptance of CRS plus HIPEC in CRC into clinical practice evolved over more than a decade [27] . Initially, several small, wellconducted retrospective series revealed that some patients treated with CRS and HIPEC can live for multiple years, and some, in fact $15%, are Journal of Surgical Oncology cured with this approach, an outcome previously not observed in patients treated with systemic chemotherapy only [26, 28] . This led to the conduct of a phase III clinical trial which randomized patients to CRS plus HIPEC followed by chemotherapy versus chemotherapy only, a study, which in patients with low-volume peritoneal surface disease burden, unequivocally proved the superiority of the multi-modality approach, which incorporated cytoreductive surgery [13, 14] . In metastatic gastric cancer involving the peritoneum, several retrospective series have reported cases where patients survive considerably longer than 2 years despite peritoneal carcinomatosis involving all four quadrants at time of CRS [2, 3] . Among those, the most impactful series is a well-conducted matched case control study from a high-volume peritoneal surface malignancy center where patients with limited peritoneal carcinomatosis of gastric origin treated with CRS and HIPEC achieved remarkable 1-and 2-year survival rates of 45% and 45%, respectively; this survival did not differ from those matched patients who underwent radical gastric resection with curative intent (absent peritoneal carcinomatosis) [4] . The observation that select stage IV patients can achieve similar survival outcomes as those with stage III gastric adenocarcinoma, strongly suggests a positive treatment effect of this multi-modality approach. Additionally, investigators from France compared outcome of gastric cancer patients with peritoneal carcinomatosis treated with CRS and HIPEC from a single-institution database and found that patients in whom a complete cytoreduction could be achieved (CCR-0) lived substantially longer than a matched cohort where complete cytoreduction was not achievable (CCR-2) [6] . However, despite these and other retrospective data, no definitive phase III trial in advanced gastric cancer as in CRC has yet to be initiated to determine if the addition of CRS and HIPEC to systemic chemotherapy is beneficial in patients with this aggressive malignancy. Such a study is very well justified not only because of the urgent need to develop new therapeutic approaches to gastric cancer, but also because of the unique cytoarchitecture of metastatic gastric cancer having preferential spread to the peritoneal surface.
The lack of systemically administered drug penetration into peritoneal surface tumor deposits has long been recognized as one of the main reasons for the ineffectiveness of systemic chemotherapy for this indication [1, 29, 30] . Peritoneal surface deposits from metastatic gastric cancer, and in particular from its variant linitis plastica, or the diffuse form of gastric cancer, have a unique abundance of stroma [31, 32] . The tumor compartment in these lesions can be as small as 20%, a microenvironmental cytoarchitecture only seen in pancreatic adenocarcinoma [31, 33] . Recently, aberrations in transforming growth factor beta (TFGb) signaling, such as loss of the downstream effector SMAD4, have been implicated in the cause of this unique tumor microenvironment formation, which is characterized by a paucity of vessels, high intra-tumoral pressures, and high collagen I deposition-all features impeding perfusion and effective cytotoxic drug delivery to the tumor cells [29, [32] [33] [34] . Thus, regional chemotherapy, which achieves much greater intra-tumoral drug concentrations at the peritoneal surface could be a promising tool to overcome this unique impediment to systemic drug delivery within this tumor entity [1, 30, 35] . This should be particularly the case when peritoneal chemotherapy perfusion is applied in the presence of local hyperthermia, a means of dose dense drug delivery, which has elegantly been shown to increase drug penetration as well as cytotoxicity of the delivered agent [36, 37] .
The GYMSSA trial was conducted in an effort to confirm these clinical and pre-clinical findings by testing the hypothesis, multimodality therapy with CRS plus HIPEC, in addition to systemic chemotherapy, can achieve improved outcome compared to systemic chemotherapy alone in patients with metastatic gastric cancer. Results of this preliminary study are in line with early results from peritoneal surface malignancy studies in CRC. While the limited number of enrolled patients does not allow any statistical comparisons, the fact that four patients with carcinomatosis survived longer than 1 year, two close to 2 years, and one beyond 4 years with two patients still alive at time of last follow-up should be noted as such a "tail of the curve" of the Kaplan-Meier survival plots was only present in the GYMS, and not in the SA, arm. The longest survivor in the systemic chemotherapy only (SA) arm lived less than 12 months, a patient with a solitary mass in the hepatogastric ligament who completed 12 cycles of FOLFIRINOX chemotherapy. No objective responses were observed in patients receiving chemotherapy alone. The outcome of patients treated with chemotherapy was reflective of the previously published results in patients with stage IV gastric cancer treated with first-and second-line systemic chemotherapy. The fact that some patients in the CRS plus HIPEC arm are surviving significantly longer than patients treated with systemic chemotherapy alone only is a common observation of most studies of patients treated with cytoreductive surgery plus regional chemotherapy. One of the most compelling evidence-based arguments in support of this multi-modality treatment strategy are apparent in the best results published to date of "long term survivors" with advanced CRC who underwent CRS plus HIPEC in a randomized trial comparing this multi-modality therapy to systemic therapy alone. The 8-year follow-up of the large Phase III clinical trial in CRC from the Netherlands reported a 5-year survival rate of 45% in the multi-modality treatment arm for patients undergoing CCR1 cytoreduction [13, 14] . The median cancer-specific survival was 22.2 months in the CRS/HIPEC arm and 12.6 months in the control arm of that study (P ¼ 0.028). The 5-year survival was 45% for those patients in whom a R1 resection was achieved.
In another phase III randomized clinical trial, of patients that underwent cytoreductive surgery and hyperthermic intraperitoneal chemotherapy for peritoneal carcinomatosis of gastric origin, 30% survived longer than 2 years [7] . These results are consistent with multiple retrospective series of cytoreductive surgery and regional chemotherapy, which consistently report on "an improved tail of the survival curve" in patients treated with CRS/HIPEC for peritoneal carcinomatosis of gastric origin [3, 4, 6] . Despite our study's strength of randomized trial design with accurate pre-and intra-operative laparoscopic staging, eliminating the inherent selection bias of retrospective series, its main weakness is the limited number of patients enrolled. While the limited number of accrued patients prevented statistically valid survival comparisons between study groups, it is intriguing, as a descriptive finding, to recognize that patient survival in the GYMSSA trial was longer than what has been reported for stage IV gastric cancer patients with peritoneal carcinomatosis treated with either multi-modality therapy or with chemotherapy alone.
Over the 3-year period there were 34 evaluable patients referred who were screened for the trial. Reasons for low accrual was related to the referral patterns and were because of three limitations: some patients were not keen on taking the risk being randomized to a secondline chemotherapy regimen when they had practicing surgical oncologists who would offer HIPEC for gastric cancer; the multimodality approach with its anticipated high complication rate requiring a prolonged hospital stay, and despite offering accommodations for families out of state, for some families this created prohibitive logistical issues; lastly, some medical oncologists were reluctant to refer patients with peritoneal carcinomatosis for a surgical option. Of the 34 evaluable patients, only 17 met inclusion criteria and were randomized (50%). The most common reason patients were ineligible after screening was the patients' performance status. These were predominantly patients with more than moderate amounts of ascites, or multiple sites of disease initially not present at their imaging at the time of referral.
The findings of the GYMSSA trial underscore the importance of clinical equipoise, particularly considering the benefits and effectiveness of the multi-modality treatment approach tested, and its related risks and burdens, compared to systemic treatment alone for advanced gastric adenocarcinoma. Of note, the morbidity of Journal of Surgical Oncology cytoreductive surgery and HIPEC (GYMS) for stage IV gastric adenocarcinoma seen thus far in this trial is comparatively higher than that previously reported in the few studies of CRS/HIPEC for peritoneal surface malignancy of gastric origin, as well as other epithelial cancer origin [6, 7, 13] . One explanation might be that there are considerable technical differences in the management of the involved and diseased peritoneal surface in gastric cancer compared to peritoneal mesothelioma, colorectal cancer, or other cancers. One important differentiating factor is the frequent need for total gastrectomy as a part of indicated organ resections in order to achieve clearance of the primary tumor. Peritoneal debulking with routine concomitant gastrectomy has been previously described in other peritoneal surface malignancies [38] . A previous retrospective database review did not report an increase in intestinal leaks in patients who had a concomitant gastrectomy as part of their cytoreductive surgery; however, less than half of patients (15 out of 37) who had gastric resection in that study underwent total gastrectomy with esophago-jejunal anastomosis. It is conceivable that esophago-jejunal anastomoses with their more restricted blood supply are more prone to breakdown than gastroesophageal anastomoses in the setting of cytotoxic hyperthermic peritoneal chemotherapy. What is more, proximal gastrointestinal anastomotic leaks in the setting of a stripped parietal peritoneum coupled with cytotoxic therapy-related immunosuppression might lead more frequently to septic complications than leaks from other areas of the GI tract. The more virulent bacterial flora in the oropharyngeal tract and the loss of the "stomach barrier" to contain these pathogens compared to leaks occurring from say the relatively "sterile" small intestinal anastomoses in patients who have an intact stomach might therefore increase the risk of post-operative sepsis and septic complications. That might have been the case in patient 6 who succumbed to neutropenic fever and septic shock after FOLFOXIRI cycle 5, and who had an esophago-jejunal anastomotic leak treated nonoperatively prior to initiation of systemic therapy. However, the low frequency leak rate makes this an unlikely event. Equally so, slow bone marrow recovery due to HIPEC or FOLFOXIRI chemotherapy leading to thrombocytopenia, bleeding, and the need for re-exploration only occurred in patient 8, and is a rare event. Secondly, the added modified D2 lymphadenectomy with its prolongation of operative time, increased blood loss, and additional exposure of peritoneal surfaces has been shown to substantially increase operative morbidity and mortality in randomized series of patients with gastric cancer [39] . The unproven benefit of D2 lymphadenectomy in patients with gastric cancer from Western countries raises, in retrospect, the question of its value when it is added to an already lengthy and morbid cytoreductive procedure. Another difference to previous peritoneal surface management trials in mesothelioma and colorectal cancer is the choice of the regional chemotherapy agent-oxaliplatin compared to the previously more frequently used mitomycin C. Both agents have ample pharmacokinetic data available: when comparing maximum systemic exposure of both agents after HIPEC using standard 20 mg/m 2 mitomycin C or 400 mg/ m 2 oxaliplatin, oxaliplatin reaches systemic peak PK levels, which are closer to its described maximum peak levels when given systemically when compared to mitomycin C [40] . That might, in addition to the differing mechanisms of action of the two agents, translate into increased bone marrow toxicity, and might cause more serious sequelae from septic complications as suggested by the findings of small retrospective series comparing the two HIPEC agents in the management of colorectal cancer peritoneal surface involvement [41] [42] [43] .
Most patients (5 out of 9) in the GYMS arm of the trial succumbed to disease progression. Death due to immunosuppression from either systemic FOLFOXIRI or regional chemotherapy occurred infrequently; patient #6 recovered from CRS and HIPEC but died of septic shock in the presence of profound neutropenia 3 months after start of FOLFOXIRI. Cytoreduction as a contributing factor to that patient's mortality remains speculative. Patient #2 died of hemoperitoneum 11 months after CRS and HIPEC, but was diagnosed with progressive disease upon explorative laparotomy, likely the major contributing factor to his demise. One patient (#8) died of infectious complications and septic shock resulting in multi-system organ failure on postoperative day 49. Contributing factors to that patient's demise had been a slow recovery of bone marrow function, production of platelets in particular, necessitating re-exploration and massive blood product transfusion. Overall, death due to disease progression in both the GYMS as well as SA arm was the most frequent cause of mortality in this study.
The findings of the GYMSSA trial differ from a recently published series of Yang et al., which reported 34 patients who underwent CRS and HIPEC for peritoneal carcinomatosis of gastric origin [7] . Twentyfour of these patients had synchronous carcinomatosis at time of initial presentation, 10 were diagnosed with peritoneal carcinomatosis after the initial diagnosis (metachronous), and presumably surgical management of gastric cancer. No perioperative deaths were reported in the 24 patients who underwent predominantly subtotal gastrectomy as the management of primary tumor plus CRS and HIPEC [7] . HIPEC was performed utilizing the open technique with cisplatin and mitomycin C, and the patients did not receive mandatory postoperative multi-agent chemotherapy [7] . Whether this improved outcomes was due to the general better outcomes of patients with gastric cancer in the Far East or the greater familiarity of surgeons with gastric cancer, the avoidance of total gastrectomy with esophagojejunal anastomosis, or the omission of adjuvant administration of toxic chemotherapy early in the post-operative recovery following surgery, remains unknown. Our preliminary results support further study of a surgical approach combined with regional chemotherapy for patients with gastric cancer and limited peritoneal surface disease burden. Concerted efforts should be undertaken to reduce the operative morbidity of this multi-modality approach. Factors to consider in an effort to attain clinical equipoise include avoidance of extensive lymph node dissection, delayed initiation of systemic multi-agent chemotherapy, or in the absence of an objective disease response, selection of a less toxic chemotherapy regimen than the FOLFOXIRI triplet.
Maximal cytoreductive surgery combined with regional and systemic chemotherapy in selected patients with gastric carcinomatosis and limited disease burden can achieve prolonged survival. These preliminary results support further pursuit of multi-modality (surgical plus regional and systemic chemotherapy) therapy for patients with gastric cancer and limited peritoneal surface disease burden. In view of the recently published financial burden caused by these procedures, selection of patients will be a key factor to consider in study design [44] . On-going study of this multi-modality therapeutic approach is warranted.
